We show that the V CMB velocities of the Fundamental Plane (FP) clusters studied in the Hubble Key Project appear to contain the same discrete "velocities" found previously by us and by Tifft to be present in normal galaxies. Although there is a particular Hubble constant associated with our findings we make no claim that its accuracy is better than that found by the Hubble Key Project. We do conclude, however, that if intrinsic redshifts are present and are not taken into account, the Hubble constant obtained will be too high.
Introduction
If the local Universe were expanding uniformly, without peculiar velocities produced by local density perturbations, then in standard big bang cosmology the expansion of galaxies is defined by the Hubble law, v = H o d, where v is the recession velocity of a galaxy at a distance d, and H o is the Hubble constant at the current epoch. The Hubble Key Project (Freedman et al. 2001) found a Hubble constant of H o = 72 ± 8 km s −1 Mpc −1 . Even an accurate local value has been difficult to define, because of the basic difficulties encountered in determining accurate distances and velocities. Although accurate redshifts are easy to measure, obtaining accurate calibrator distances and correcting for Doppler components introduced by local density perturbations is more difficult. However, as these parameters become more accurately known, there are now other questions that need to be addressed, and the possibility that a component of the redshift may not be Doppler-related (Arp 2002; Bell 2002d; Russell 2002 ) can introduce another level of uncertainty that needs to be investigated. Freedman et al. (2001) V CMB velocities of FP clusters in an attempt to see if they show evidence for discrete components that might have influenced the H o -value reported by Freedman et al. (2001) .
Analysis
The Hubble Key Project reported consistent Hubble constants of H o ∼ 71 km s −1 Mpc −1 for, a) Type Ia supernovae, b) Tulley-Fisher relation galaxies, c) surface brightness fluctuations galaxies and d) Type II supernovae. However, a much higher value of H o = 82 km s −1 Mpc −1 was found for fundamental plane (FP) clusters.
In Fig. 1 , V CMB velocities for the FP clusters listed in Table 9 of Freedman et al. (2001) are plotted vs distance in Mpc. The line has a slope of H o = 88.15 km s −1 Mpc −1 and represents the slope of a line through zero velocity and distance that gives a minimum near 465 km s −1 in the RMS deviation in V CMB velocities. This minimum is shown in Fig. 2 which is a plot of the RMS deviation in velocity as a function of H o . The slope found here, 88.15, is significantly higher than the value H o = 82 reported by Freedman et al. (2001) for the FP clusters. A linear regression calculation using the data in Fig. 1 Table 9 of Freedman et al. (2001) .
all peculiar velocities are assumed to have been removed. This value seems high, since all primordial turbulence is expected to have been damped out by adiabatic expansion (Kraan-Korteweg 1986) . Why is the zero-distance velocity intercept (293 km s −1 ) so high? Previously, peculiar velocities have been used to explain such large velocities (Jorgensen et al. 1996) , but this interpretation can be questioned since these large "peculiar velocities" tend to be mostly redshifts with very few blueshifts (Russell 2002) . Thus the possibility that intrinsic redshifts may play a role seems to be indicated. This suggestion is highly controversial but it may no longer be possible to ignore this possibility in light of recent evidence (Tifft 1996 (Tifft , 1997 Bell 2002d ).
Intrinsic redshifts
A study of the compact objects near NGC 1068 (Bell 2002a,b,c) , and earlier work (Burbidge and Hewitt 1990) , suggested that quasar redshifts may contain an intrinsic component that is harmonically related to 0.62±0.01. Also, Tifft (1997) was able to define several families of 'velocity' periods in normal galaxies. Recently Bell (2002d) has pointed out that when converted to redshifts these periods are all harmonically-related to the intrinsic redshifts reported in quasars, and therefore also all harmonically tied to the redshift increment 0.62±0.01. The redshifts 0.62 and 0.062 have been shown to be important constants related to intrinsic redshifts in galaxies as well as quasars. Evidence that 0.062 may be a significant redshift-related constant has been found in four independent investigations; first by Burbidge (1968) , then by Burbidge and Hewitt (1990) , later by Tifft (1997, and references therein) , (although this does not seem to have been realized until pointed out by Bell (2002d) ), and finally by Bell (2002c) using QSOs near NGC 1068. In the last instance it was recognized only after all Dopplerrelated redshifts were taken into accounted.
Intrinsic Redshift Equations
Equations that define the intrinsic redshifts in quasars and galaxies are included in Appendix A and B respectively. Quasar intrinsic redshifts are defined by the relation z iQ [N, n] 
where z f is assumed to be a fundamental redshift constant, N = 1,2,3,.., and M N is a function of n.
Each z iQ value is therefore uniquely defined by the quantum numbers N and n. Note that eqn A1 was previously expressed in a slightly different fashion (Bell 2002d) . It has since been realized that the fundamental constant in eqn A1 is z f = 0.62. This can be seen clearly in Fig 3 where the allowed intrinsic redshifts for quasars are plotted for the first 6 N -states. z f = 0.62 is the fundamental constant in eqn A1 and the cornerstone relating all quasar intrinsic redshifts in Similarly, each galaxy intrinsic redshift z iG [N, m] is uniquely defined by the quantum numbers N and m. The discrete redshift values found in galaxies by Tifft (expressed as velocities) were fitted to a model (Tifft 1996) and the results are listed in Tifft (1997, , Table 4 , cols 2, 5, and 8) and have been derived from eqn B1 for N = 1, 2, and 3 and z f = 0.62. The discrete redshift components in galaxies can range from z = 0 to at least z = 0.558, however, from Bell (2002d, Table 4, cols 2,5,8) , most appear to be less than z i = 0.005. Can some of these intrinsic components be present in the FP cluster velocities? If so, their presence would likely prevent the determination of an accurate Hubble constant.
Intrinsic redshifts on a Hubble plot
If it is assumed a) that galaxy distances are accurately known, b) that all peculiar velocities due to local density fluctuations can be accurately accounted for, and c) that the observed redshifts are entirely Doppler-related and due to the Hubble flow, (i.e. no intrinsic components present) then, if H o = 72, all galaxies should fall along the solid line in the Hubble plot in Fig. 4 . If there are intrinsic components present in some galaxies with the discrete values found by Tifft (1997) to be the most common, and defined here by eqn B1 for N = 1, with m < 8, then these sources will fall on the appropriate dashed lines in Fig. 4 . To avoid confusion, lines for small intrinsic redshifts (m > 7) have not been included in Fig. 4 .
In order to test for the presence of discrete redshifts we superimposed the discrete redshift grid in Fig. 4 onto the FP data in the Hubble plot in Fig. 4.-Hubble plot for normal galaxies. If the galaxies contained no intrinsic redshifts, and no peculiar velocites, then for Ho = 72, all galaxies would fall along the solid line. If their redshifts include some of the discrete intrinsic components below 10,000 km s −1 predicted by Tifft (1997, [2, 7] discrete redshifts. It is therefore assumed that these two clusters are N = 2 sources while the remaining nine are N = 1 sources. Fig. 5 has significance for both the model proposed by Tifft (1996 Tifft ( , 2002 and for the scenario proposed earlier (Bell 2002b ) (see section 6 below).
RMS Deviation in V CMB from Intrinsic Redshift Grid Lines
In Fig. 2 we plotted the RMS deviation in V CMB about the Hubble line in Fig 1 for Fig. 6 for the nine N = 1 sources, for a grid spacing defined by z f = 0.62, the value found in earlier work (Burbidge and Hewitt 1990; Bell 2002c,d) . Clearly there are two places on this curve where the RMS is low, indicating a good fit to the grid lines. A broad one is located near H o = 84 and the other, a much lower and narrower one, occurs near H o = 71 km s −1 Mpc −1 . The broad feature is similar to that found for the raw data in Fig. 2 and is expected. This is discussed in more detail in section 2.5 below describing randomly generated test data. The second one, near H o = 71, corresponds to the case presented in Fig. 5 where the sources lock on to the grid lines.
Test Data Using Randomly Generated Peculiar Velocities
In order to get a feeling for what kind of results would be obtained if the velocity dispersion in Fig.  1 was due to peculiar velocities of random amplitude, instead of discrete intrinsic components, we attempted to simulate the raw FP data by generating several sets of 11 peculiar velocities. We used three different approaches to do this.
Test 1
First, we generated several sets of peculiar velocities between 0 and 3500 km s −1 . We used uniform weighting and only positive values were used to resemble the real data as closely as possible. (Note that for H o = 82, the value reported by Freedman et al. (2001) , all peculiar velocity components except one are positive. It is not immediately obvious what weighting was used in the Hubble Key Project to obtain this value). The cutoff value of 3500 was chosen here because it falls midway between the highest intrinsic value present in the data (2314 km s −1 ) and the next highest intrinsic value (4628 km s −1 ). A value higher than 3500 would have been fitted to the 4628 km s −1 level and the FP data contained no sources at this discrete velocity level or above. In each case the random-amplitude peculiar velocities we generated were added to the Hubble velocities calculated for each source using its known distance and H o = 71 km s −1 Mpc −1 . We then calculated the RMS deviation in V CMB between the eleven sources and their nearest grid line, as was done above for the FP data, for a range of H o -values and z f = 0.62.
All randomly generated sets gave similar results and a typical example is presented in Fig. 7 . In every case the curve showed a single, broad dip in the RMS deviation, with widths covering 18-20 H o -values at a point on the curve where the RMS value was equal to twice the minimum RMS value (horizontal line in Fig. 7) . The broad width and low RMS of the curve was a characteristic common to all test data sets. Note that a lower RMS is expected when several grid lines are fitted to random velocities than when one H o line alone is fitted, as can be seen by comparing figures 2 and 6. In no case, in these test data, was there a narrow RMS dip (width ∼ 5 H o -values) seen that had a depth below 0.8 of the RMS value of the adjacent baseline.
The broad RMS dip centered near H o = 76 in Fig 7, is also visible in the FP data in Fig. 6 if the narrow dip near H o = 71 is ignored as indicated by the dashed line. In the real data in Fig 6, however, the curve does not have the same symmetry visible for the uniformly distributed test curve in Fig. 7 , and rises more steeply on the high-H o side. This is discussed further below.
Test 2
In the second test we generated 10 random data sets containing 11 values (both positive and negative), each with a Gaussian distribution having the same dispersion as the real data and centered about a Hubble slope of 88. We again calculated RMS vs H o curves for these data sets. These 10 curves were then averaged and the result is shown in Fig 8. This shows clearly that there was nothing in our data analysis that in any way favored the production of the quantized redshifts found previously by us and by others. Note that the resulting curve is again symmetrically spaced about an H o -value of 76.
Test 3
In our third test we used the real data and simply changed the polarity of the peculiar velocities derived assuming the Hubble slope of 88 in Fig  1, where approximately equal numbers of positive and negative velocities are seen. This approach had the advantage of producing a completely different velocity distribution while at the same time insuring that both the velocity dispersion and Hubble slope were identical to that of the real data. We again calculated the RMS deviation in V CMB between the eleven sources and their nearest grid line, for a range of H o -values and z f = 0.62. The result is shown in Fig. 9 . Here the solid curve was obtained using the original data for all eleven sources prior to changing the polarity of the "peculiar velocities". The dashed curve was obtained for the reversed polarity data. It is apparent from Fig. 9 that the reversed polarity curve is almost identical to that found for the real data, differing only in the presence of the deep RMS dip at H o = 71 in the unadjusted real data. However, to obtain this result it was first necessary to rotate the dashed curve about the H o = 76 line of symmetry found in the previous test curves.Thus the following conclusions can be drawn. The asymmetry seen in the real data in Figs 6 and 9 (steeper slope on the high-H o side), is not present when the source peculiar velocity distribution is symmetric (Gaussian or uniform) in Figs 7 and 8. Furthermore, it flips to the opposite side (steeper on the low-H o side) when the polarity of the "peculiar velocities" is reversed. This indicates that the asymmetry is tied to the shape of the "peculiar velocity" distribution, and that the velocity distribution in the real data is therefore not symmetric about its center. This effect has been found to be even more pronounced in a follow-up analysis of spiral galaxies (Bell and Comeau 2003) . It can be predicted if the "peculiar velocities" are really discrete intrinsic redshifts, whose density increases as the density of the grid lines increases at high values of m. This result is therefore seen as additional evidence favoring intrinsic redshifts.
Only for the real FP data was there a deep, narrow dip seen in the RMS. From the test data analysis we conclude that this dip in the RMS deviation in V CMB in Fig 6, where the RMS value falls below the surrounding baseline by a factor of 5.8, would be unexpected if the intrinsic redshifts were random peculiar velocities. Although we cannot completely rule out the possibility that this RMS dip has occurred by chance, the test data suggests that the likelihood of this is small. This question can perhaps best be answered by examining a larger sample of galaxies for the presence of discrete redshifts. We have recently carried out a similar analysis on 55 spiral galaxies and have found that they too show evidence for the same intrinsic redshifts (Bell and Comeau 2003) . 
An Independent Test To Determine the
Value of z f .
Unlike the situation for the Hubble constant, where the uncertainty is still large, z f has been clearly defined on several previous occasions to be z f = 0.62±0.01. Since this number determines the spacing between the intrinsic redshift grid lines in Fig. 4 , we now have an opportunity to test previous results by finding the value of z f that gives the best fit to the data. To do this we used several z fvalues ranging from 0.56 to 0.94 and found that for the deep narrow feature in Fig. 6 , both the position and depth of the minimum RMS value varied with z f . Fig. 10 shows how the minimum value of the RMS deviation in V CMB changes with z f . The minimum values are plotted in Fig. 11 where the best fit occurs at z f = 0.613 ±0.01. This is interpreted as a confirmation of earlier work. Although a second narrow feature is visible in the FP data near H o = 84, at no time, as z f was varied, did its RMS value drop below one-half the value of the surrounding baseline. This can be compared to the RMS dip at H o = 71 which drops by a factor of 5.8 below the surrounding baseline. Note that curves for z f -values of 0.84 and 0.94 were also calculated but have not been included in Fig. 10 to avoid confusion. Note also that the intrinsic redshift grid pattern repeats every factor of 2 change in z f number.
The discrete velocities obtained for the FP clusters are listed in col 4 of Table 1. Col 5 lists the Hubble velocity of each cluster after removal of the intrinsic component.
From the above tests using randomly generated peculiar velocities, and from the fact that the best fit occurs for the previously predicted z f -value of z f = 0.62±0.01, we conclude that the FP cluster redshifts very likely do contain some of the same discrete intrinsic redshifts found by Tifft (1997) , and their higher octave-spaced harmonics as defined by equation B1. This value (z f = 0.62±0.01) has been found previously in at least four independent investigations (Burbidge 1968; Burbidge and Hewitt 1990; Tifft 1996; Bell 2002c ). This result is therefore more than just a good fit of data points to a set of grid lines. The fact that the best fit is obtained at the predicted z f value makes it unlikely that this result has occurred by chance.
The Hubble Constant Between 10 and 110 Mpc
In Fig. 12 the minimum RMS deviation in V CMB for each different z f value examined is plotted vs H o . A quadratic regression fitted to these data gave a best-fit Hubble constant of 71.2 km s −1 Mpc −1 . In Fig. 13 the Hubble flow velocities in column 5 of Table 1 have been plotted versus cluster distance. The solid line gives the result of a linear regression fit to all the FP data. The results of the fit are indicated in the figure and gave H o = 71.4 ± 0.6 km s −1 Mpc −1 , with a zerovelocity intercept of −20 ± 49 km s −1 . The uncertainty in H o listed in Fig. 13 is small, and as mentioned above indicates that the relative uncertainty in distance within the FP clusters also must be small (see below). However, the uncertainty in the absolute value of H o , which depends on the accuracy of calibrators, could be relatively large. Although the good RMS fit near H o = 71 occurs at the same H o -value found for the remaining 4 groups examined by Freedman et al. (2001) , this result is assumed here to be purely coincidental since its true uncertainty is likely to be similar to that reported by the Hubble Key Project. We conclude only that if the galaxy redshifts contain an intrinsic redshift component that is not taken into account, the Hubble constant obtained is likely to be 10-20 percent too large. This implies further that if intrinsic redshifts are present in other galaxies studied by the Hubble Key Project, the true value of the Hubble constant may be closer to H o = 60. This is examined further in our follow-up paper on spiral galaxies (Bell and Comeau 2003) .
Comments on the Uncertainties in Radial Velocity and Distance
In this paper we have introduced the idea that most of the scatter in Hubble plots, previously assumed to be due to peculiar velocities or distance uncertainties, may instead be due largely to the presence of intrinsic redshift components. We assume that the distance uncertainties are approximately 1-2 percent. If so they will not prevent the detection of the discrete redshift components we are looking for. The redshift uncertainty introduced by the assumption that the redshift scatter is due to peculiar velocities is also largely removed when the intrinsic redshifts are identified and removed. A lower limit to the uncertainty in the radial velocities will be set by the velocity measurement error. The radial velocities for these clusters were measured by Jorgensen et al. (1995) who state that comparisons of their radial velocities with data from the literature show that their determinations are accurate to within ∼ 35 km s −1 . This will introduce a velocity scatter of this magnitude into the data. Since our high m cutoff is at 145 km s −1 , and most of our discrete "velocities" are separated by several hundred km s −1 , this measurement error cannot prevent the detection of the discrete "velocities" we seek, if all large-scale motions have truly been accounted for. When taken together this suggests that the uncertainties in both velocity and distance are sufficiently good for our purpose. This question of distance uncertainties is examined in more detail in our follow-up paper using spiral galaxies (Bell and Comeau 2003) .
Discussion
It is indeed remarkable that the very small discrete 'velocities' (< 145 km s −1 ) found in galaxies have been detected in the presence of other Doppler components, and credit for this is due solely to the excellent work of W. Tifft. The fact that the discrete redshifts found in quasars have been shown to be tied directly to those found in galaxies (Bell 2002d) , when both were determined independently, suggests that they all have a common origin. However, it still leaves open the question of how to interpret them.
In addition to the scenario presented here and earlier (Bell 2002c,d ) that argues that all intrinsic redshifts in quasars and galaxies are harmonically related to the fundamental redshift z f = 0.62, two other possible scenarios have been discussed in the literature. The first of these is referred to here as the Karlsson model (Karlsson 1971 , 1977 Burbidge and Napier 2001) . It suggests that quasar redshifts are periodic in log(1+z). However, this description does not include the 0.06 period found by Burbidge and Hewitt (1990) for quasars between z = 0.062 and z = 0.62. Nor does it include a link to the discrete velocities found in galaxies (Tifft 1997; Bell 2002d , and this paper).
A second interpretation has been proposed by Tifft (1996 Tifft ( , 2002 which uses the fact that the discrete velocities in galaxies appear to be related to the constant c, the speed of light. In his model, referred to as the Lehto-Tifft model (Tifft 1996 (Tifft , 2002 , the entire redshift is presumed to be quantized and to arise from time dependent decay from an origin at the Planck scale. In this model the decay process is a form of period doubling. However, as noted previously, Fig. 5 has significance for this model in that it shows clearly that the entire redshift is not quantized. The quantized portion is superimposed on top of the Hubble flow. Although the discrete redshifts found in galaxies by Tifft (1996 Tifft ( , 1997 have been confirmed here, the Lehto-Tifft model is not compatible with the FP cluster data and is therefore effectively ruled out if the FP results in Fig. 5 are correct. The technique used by Tifft appears not to have allowed him to realize that the discrete redshifts were superimposed on top of the Hubble flow. Furthermore, his claim (Tifft 2002 ) that his periods can be fitted to peaks in the Hubble Deep Field source distribution carries little weight when the number of periods he has to choose from is taken into account. Fig. 5 also has significance for the evolution model proposed earlier (Bell 2002b,c) in which it was suggested that galaxies are born throughout the entire age of the Universe as QSOs with large quantized, intrinsic redshifts that are harmonically related to z f = 0.62. These intrinsic redshifts decrease as the QSOs evolve into galaxies. The big bang is included in this model of the universe, and the intrinsic redshift components must then be superimposed on the Hubble flow, as confirmed here with the FP cluster data.
It is therefore concluded that the equations in Appendices A and B, that link all discrete redshifts to a fundamental redshift z f = 0.62, are currently the most complete for the purpose of defining the observed discrete redshifts.
Conclusions
We have identified discrete intrinsic redshifts in FP clusters that are identical to those predicted previously in galaxies (Bell 2002d; Tifft 1997) .
When these are taken into account, we obtain a Hubble constant of H o = 71.4±0.6 km s −1 Mpc −1 , using all eleven FP clusters. However, we stress that this result does not necessarily mean that the true Hubble constant in the local Universe has been determined, and much larger source samples than used here will have to be studied first. When the discrete redshifts are removed, the RMS deviation in the Hubble velocities for the FP clusters is close to 56 km s −1 . This may be more in line with what is expected if all peculiar velocities have truly been taken into account, and all primordial motions have been damped out by adiabatic expansion. This small dispersion also implies that the relative uncertainties in distance within the FP clusters must be small. Finally, the FP cluster data have provided a new, and independent, way of determining z f . Using it we obtain z f = 0.613 ±0.01 which agrees with the value z f = 0.62 ±0.01 determined independently in four previous investigations.
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